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microbiological monitoring within our haemodialysis Introduction centre.
Methods. Between April 1995 and March 1996, 229
Bacterial contamination of haemodialysis treatment samples of pre-treated and final purified dialysis water, systems is a major problem in renal replacement and samples of dialysates were collected. The specimens therapy. As some bacteria have adapted to nutrientwere aseptically taken from the tap, various points of poor and low temperature environments, dialysis fluids the reverse osmosis ( RO) water-treatment system, and are potential breeding sources [1, 2] . Moreover, bacthe effluent tubes of 32 bicarbonate haemodialysis terial contamination is clearly related to pyrogenic machines. Samples of 0.1 ml were inoculated in duplicreactions in haemodialysis patients [1, [3] [4] [5] [6] . Therefore, ate on spread plates with TSA and R2A agars. After fluids used in haemodialysis need to meet certain 10 days of incubation at 25±2°C, the numbers of microbiological quality criteria, and should be moncolonies were quantified. The ranges of spread were itored on a regular basis. taken 0-100 and 0-200 colony-forming units per milliIn 1982, the Association for the Advancement of liter (c.f.u./ml ).
Medical Instrumentation (AAMI ) released guidelines Results. The R2A agar had significantly higher colony regarding the quality control surveillance of bacteriolocounts than TSA agar for both dialysis water and gical contamination of haemodialysis fluids, to protect dialysates. Considering 100 c.f.u./ml as the upper patients with end-stage renal disease from pyrogenic allowable bacterial limit for all dialysis fluids, microbioadverse reactions. The maximum allowable limit of logical non-compliance (bacterial growth) would be viable bacteria was set at 200 colony-forming units per missed in 16% when using only TSA media ( TSA millilitre (c.f u./ml ) for water used to prepare dialysate (salt-poor), and 2000 c.f.u./ml for the final dialysate borne bacteria appear to grow better, or sometimes USA), prepared according to the manufacturer's instruceven more selectively when using such culture condi-tions, and sterilized at 121°C. The cultures were incubated tions [2,10,11]. So by using AAMI-approved culture at 25±2°C for 10 days. This method is based on recent methods the actual bacterial load of haemodialysis published studies [2,10,11], and the Dutch standard for water fluids may be underestimated or even missed. c.f.u./ml per plate respectively. Plates with more colonies Therefore, the aims of this study were to evaluate were not counted further, and reported as >200 c.f.u./ml bacterial yields of dialysis water and dialysates on both and >100 c.f.u./ml respectively. In this way the bacterial agars, and to qualify their use in present routine yields of dialysis water and dialysates were monitored on microbiological surveillance within our own haemo-TSA and R2A. Also the effect of using only one medium dialysis centre.
( TSA or R2A) was evaluated on the microbiological compliance of haemodialysis fluids.
For statistical analysis an SPSS package (release 6.0 for Windows) was employed, using Spearman's rank correlation
Subjects and methods
test, Wilcoxon's matched-pairs signed-rank test, and chisquare test. In our haemodialysis department we regularly perform bacteriological surveillance, following a national protocol of the Dutch Dialysis Group [12] . Between April 1995 and March 1996, all the samples collected from dialysis water and Results prepared dialysate were used for this study.
Salt-poor dialysis water was sampled from the tap (muni-During 1 year of bacteriological surveillance in our cipal water), and various key points of two different reverse haemodialysis department, 229 samples were collected osmosis (RO) water-treatment systems, including Christ from the water tap, several points of the RO water-(Christ Holland B.V., Zoetermeer, the Netherlands) and treatment system, and the effluent tubes of bicarbonate Culco RSC5 (Culco Nederland, Alkmaar, the Netherlands). dialysis machines ( Table 1) . Within 5 h of sampling, and R2A agars at a temperature of 25±2°C for 10 days. After this period the number colonies of each (n=229) had had to comply with this criterion, then 31% of dialysis water and 18% of dialysate cultures Discussion would have been out of compliance when the TSA media only was used. In contrast, 52 and 24% would Pyrogenic reactions in haemodialysis patients are comhave been out of compliance when the samples were plications of renal replacement therapy. The frequency cultured on R2A only respectively. In 51% (n=116) of dialysis-related fevers is about 0.7 times per 1000 R2A yielded higher colonies than TSA, whereas in haemodialysis treatments [16 ] . They are associated 16% (n=37) TSA had higher counts than R2A. with contamination of the haemodialysis treatment Microbiological non-compliance (bacterial growth) system, especially Gram-negative organisms like would be missed in 16% (n=37) when using only TSA Pseudomonas [1,4-6,16-22]. Moreover, some authors media ( TSA ∏100 c.f.u./ml and R2A >100 c.f.u./ml ), believed that febrile reactions were directly proporwhile this was 3% (n=7) when using only R2A (TSA tional to the number of bacteria found in haemodialysis >100 c.f.u./ml and R2A ∏100 c.f.u./ml, P<0.0001, fluids [1, 17] . Therefore, several authors recommended chi-square test). keeping the levels of microbiological contaminants as In a similar evaluation, considering 200 c.f.u./ml as low as possible [23, 24] . Others even promoted the use the upper allowable bacterial limit (AAMI guidelines) of sterile haemodialysis fluids [25, 26 ] . A recent study, for all dialysis fluids (n=211), 18% of dialysis water however, showed a low percentage of pyrogenic reacand 10% of dialysate cultures on TSA media would tions per haemodialysis treatment, despite high bachave been out of compliance, compared to 34% and terial concentrations in dialysis water and bicarbonate 11% of samples cultured on R2A respectively. In 57% dialysates. The authors suggested that modern and (n=121) the bacterial yields of R2A media were higher even high-flux dialyser membranes may be an effective than TSA; and in 18% (n=39) TSA had higher colony barrier to micro-organisms [1 61. counts than R2A. In these cases non-compliance would Considering these observations, and the fact that have been missed in 10% (n=22) when using only haemodialysis patients are exposed to enormous TSA (TSA ∏200 c.f.u./ml and R2A >200 c.f.u./ml ), amounts of water, usually more than 100 litres per and 2% (n=5) when using R2A instead ( TSA >200 treatment, a stringent microbiological surveillance of c.f.u./ml and R2A ∏200 c.f.u./ml, P=0.0011, chi-haemodialysis systems is necessary. The AAMI recommends the culture of dialysis fluids on TSA agar (or square test).
